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﹑修正 EAM 势函数﹑缺陷识别与统计等程序。 
本文辐照模拟计算组分为五组，每一组均包含纯镍（纯 Ni）和一种或多种
镍基弥散纳米铜合金（包含纳米铜颗粒的铜镍合金，其中铜与镍的原子个数比为
1 : 9，铜成为纳米铜颗粒的比例为 20%左右，以下以 NNC 表之）。加入初级离位
原子（PKA）模拟级联碰撞过程，观察缺陷演进行为。采用 WS 元胞法统计点缺
陷数目随时间的变化，并采用势能截断法统计离位原子数目随时间的变化。对比
各种计算模型中 终的点缺陷数目并与实验的电镜照片对比分析。引入 5 keV 
PKA 模拟至 20ps 后：在 758.15K 高温下，1.0 nm NNC（1.0nm 表示 NNC 中所
含铜颗粒的半径）中离位原子的数目比纯 Ni 少 40%；698.15 K 的高温下，1.0 nm 
NNC 中离位原子数目比纯 Ni 大约少 50%，点缺陷的数目比纯 Ni 少 40%；在 100K
的低温下，1.0 nm NNC 中离位原子的数目比纯 Ni 少大约 80%，残留点缺陷的数
目比纯 Ni 中少 30%。以上分子动力学的统计结果表明：相比纯 Ni， 含有铜颗
粒的 NNC 材料模型确实具有比较好的抗辐照肿胀能力，计算结果与根据实验结
果推测出的假定模型相吻合。 
















Energetic particle irradiation of materials may induce macroscopic effects such 
as swelling, harderning and embrittlement. Previous experiments showed that 
nickel-copper binary alloys are much more resistant to irradiation induced void 
swelling than their pure metal counterparts even though nickel copper form complete 
solid solution according to the binary phase diagram. Although the exact reason for 
the above observation is still not clear, there has been a speculation that the possible 
existence of copper nanocluster in the nickel based alloys may have played a role in 
suppressing the void swelling by trapping the point defects and enhancing 
recombination at the cluster-matrix boundaries. 
In this work, the role of coherent interface between copper nanocluster and 
nickel matrix on point defect trapping and recombination is checked by molecular 
dynamic calculations. To achieve the goal, a computing platform including both 
hardware and solfware systems has been designed and constructed, and programs for 
calculating the EAM potential of copper-nickel alloy system, and for identifying and 
counting the defects in the Lammps results have been developed and applied. 
Five model groups have been simulated, each of which includes pure nickel and 
one or several nickel-based copper alloys which consist copper nanoclusters (NNC). 
The composition of the alloy is 90 at.% nickel and 10 at.% copper, and the atomic 
percentage of copper in the nanoclusters is about 20%. In each model group, a 
primary knock-on atom (PKA) of 5 keV was introduced to simulate the generation of 
displacement cascade. The variation of point defect concentration with time was 
followed by the WS cell and Potential cut-off method. The final number of point 
defects in the NNC containing alloy of each group were calculated, and the results 
were compared with that of experiments. After 20 ps form PKA introduction, the 
number of displaced atoms in the 1.0nm NNC is only about 60% of that in the pure 
nickel at 758.15 K; the number is only about 50% of that in nickel at 698.15 K; at 
100 K, the number of surviving defects in the 1.0nm NNC alloy is only about 70% of 
that in the pure nickel. The results from molecular dynamic simulations are quite 
consistent with previously reported experimental observations. 
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铜镍合金的抗辐照性能做出了评价：即在铜镍合金没有注入 He 元素或者 O 元素
的情况下，无论是中子辐照，还是电子辐照，抑或是离子辐照，铜镍合金都表现
出了十分优异的抗辐照肿胀性能，纯铜和纯镍在这一点上却表现地十分糟糕，大


























图 1.1 Ni，Ni-10Cu，Ni-50Cu 辐照损伤后的微观结构[7] 















所用 PKA 能量的范围从 60 eV 到 2 keV 不等,模拟时间直至 30 ps.在此模拟工作
中，A.J.E.Froeman 等人对离位峰的形貌进行了描述，指出在 PKA 能量较高的情























十年之后的 2004 年，H.L.einisch 等人[13]对铜镍相界对于辐照损伤的影响进
行了研究。他们规划了两种铜镍相界模型，一种为共格铜镍相界，另一种为半共




H.L.einisch 考虑到了 PKA 的能量问题，在高能量 PKA 的模拟中，有一点非常重
要，即短程势函数的所对应的斥力，由于 PKA 的轰击，模型内部的原子有可能
距离非常近，甚至发生重叠，为了避免这种不合理的情况，H.L.einisch 使用了短
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